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embedded systems side for the sensors that the system uses. The project contains a carbon
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purposes and two UART and I2C ports. I wrote the code for I2C communication between the

humidity and temperature sensor and PIC, and the code for the UART communication between
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the CPE’s user interface.
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Abstract (NG, AH, MP)
The following design project outlines the implementation of an early wildfire
detection system to replace current wildfire detection methods. The detection system
utilizes a LoRa network to send early signals of a potential wildfire to the appropriate
personnel. The network will consist of several ‘nodes’ of devices that come equipped with
a temperature/humidity sensor, a CO2 sensor, and a LoRa module. Once the sensors’
thresholds are exceeded, the device will awaken the LoRa module and send a signal to
the LoRa receiver. The receiver then relays the message to the LoRa Network online.
Once on the LoRa network, a graphical user interface will be able to display a written
message informing the user of either a daily update or an alert to a potential fire.
Key Features Include:
•

Wireless LoRa Communication

•

Sensor Thresholds for Fire Detection

•

Message Relaying Through Gateway

•

User Interface for Message Display
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1.

Problem Statement

1.1

Need Statement (NG, AH, MP)
According to the National Fire Protection Association Journal (Gleason), federal

wildfire suppression costs in the United States have risen from an annual average of about
$425 million from 1985 to 1999 up to $1.6 billion from 2000 to 2019. On average, more
than 200,000 acres in the United States are burned per year due to wildfires, with more
than 700,000 acres burned in 2020 alone (Roman). With the risk of wildfire ever rising,
there is a need for better early detection of remote wildfires, as existing methods often
include long delays like satellites or rely on human lookout towers.

1.2

Objective Statement (NG, AH, MP)
The objective is to develop an early, remote wildfire detection device that covers a

wide range and quickly transmits warnings to appropriate personnel. The device will be
wireless and self-powered as to facilitate deployment in remote areas.
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1.3

Background Research (NG, AH, MP)
The currents methods of wildfire detection include satellites, manned

watchtowers, and cameras. Even though all these methods are similar in some way, each
of them has some sort of major drawback. “Satellite based detection is more popular
method for detection of fire, but their long duration of scanning and low resolution limits
the efficacy of using satellite-based systems” (Singh, P. K.). Also, the cost of launching
and maintaining a satellite for the purpose of wildfire detection can become
unreasonable.
Manned watchtowers are equipped with special devices like fire finder which
allows a worker to look for fires (Singh, P. K.). Typically, manned watchtowers are not
reliable but considered to be the most reliable of the current technologies and are
dangerous for the lives of the workers (Singh, P. K.).
There are also image-based camera detection systems commercially available.
These are cameras mounted to watchtowers and then connected to computer systems for
image analysis. The cameras rotate around a detection area and take occasional
photographs, which are then sent to computer systems which must be intelligently trained
to recognize signs of fire. According to a journal article reviewing modern fire detection
techniques, however, “cameras are very likely to perform worse than human observers;
they are not suitable replacements for human tower observers” (Alkhatib).
In general, the concept aims to be more accurate/reliable, faster and more cost
effective than the current wildfire detection technologies. Compared to satellites the
concept aims to be better at early detection and more cost effective. The concept is aimed
to be more reliable than manned watchtowers while also fixing the problem of putting the
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lives of workers at risk. In addition, the concept also aims to be more accurate and cost
effective than image-based camera detection systems, as it will not require secondary
computer systems for analysis and will not be affected by weather conditions. The
drawback of the concept is that it will take many units to cover the same range as these
existing methods. In addition, without regenerative power systems the individual devices
will eventually need their power sources replaced.
The basic theory behind the concept is a remote smoke and temperature detection
system for the early detection of wildfires that communicates a status to a remote
device/location. Similar, current smoke detection systems exist within households, along
with some detection systems that are used for outdoor applications as previously
discussed. Some of the basic theories behind the concept include smoke detection,
temperature detection, wireless communication, and power. The goal of the detection
system would be improving or building upon all these basic concepts, with the main
emphasis being the improvement of the wireless communication aspect to transmit a
signal to a remote location to ensure a working device. A further breakdown of the
relevant technologies and theories are discussed in further detail in the subsequent
paragraphs.
To start, smoke detection may be the most important aspect of the device in the
goal of minimizing false positives with wildfire detection. Current smoke detection
technology uses one of two methods to detect smoke. The first method is an ionization
smoke detector. These detectors work by having the air within the sensing chamber be
conductive. When smoke particles enter the chamber, they reduce the current and trigger
the alarm. The second method to detect smoke is a photoelectric detector. These sensors
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work by shining a light into a dark chamber with a light sensitive component. When
smoke particles enter the detector, they reflect the beam of light and light strikes the light
sensitive component to trigger the alarm (Powell and Portuqill). The concept’s design
does not have the intention of improving on current technology with smoke detection,
only to accurately read the data from multiple sensors and make conclusions on that data.
Smoke detection hardware will need to be cheap as each device in the network will have
its own sensor.
An MQ series smoke and gas sensor would be the most ideal piece of hardware
for this application. Like ionization detection, this sensor has a sensing material inside of
a sensing chamber that changes in conductance once gas enters the chamber. This sensor
is cheap and will work for the outdoor applications. Attached to a PIC microcontroller,
these sensors can detect smoke, butane, propane, methane, alcohol, and hydrogen. This
gives the possibility of detecting man-made wildfires as well as naturally occurring ones.
Most importantly, these sensors have a potentiometer that allow programming to adjust
the sensitivity on how accurately they detect gas or smoke (Tun).
Another type of smoke sensor that the team will consider is a carbon dioxide
sensor due to its low power consumption, and the high amount of carbon dioxide that
forest fires produce. A forest fire can produce up to 3000 ppm of carbon dioxide, and
carbon dioxide sensors can easily sense this amount with some sensors having a detection
range from 400-10,0000 ppm (“CO2 Sensor Range: Ppm and Percentage Compared.”,
2021). This is where the team came up with the engineering requirement for the carbon
dioxide sensor to be able to detect 1000 ppm. This number is high enough to signify a
significant amount of smoke, but also low enough to be well within the capabilities of the
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carbon dioxide sensor to detect. This number of 1000 ppm also could be adjusted by the
team after further testing is done.
The other issue that produces carbon dioxide sensors is their compatibility with
microcontrollers. This comes down to which type of signal the sensor outputs. All carbon
dioxide sensors start as analog sensors where a current or voltage on the order of mA or
mV corresponds to the ppm of carbon dioxide in the air at that point (“Analog and Digital
Gas Sensors: What's the Difference?”, 2019). One of the main industry standards for this
is an output current of 4-20mA where, for example, 4 mA could correspond to 400 ppm
and 20 mA could correspond to something like 2000 ppm. The problem with analog
output is that it is very hard for a microcontroller to work with it.
This is where the idea of a digital carbon dioxide sensor comes in. This small
current is put through an amplifier circuit to make it an easier to detect value. This
current is then put through something called an analog to digital converter where the
output is now converted to something like a string of letters or numbers that a
microcontroller can read (“Analog and Digital Gas Sensors: What's the Difference?”,
2019). This means that the sensor that the team chooses must support a digital output. A
common way to output a digital signal from a sensor is RS-232. The way this works is
there are three wires running from the sensor to the microcontroller: transmit data,
receive data and ground. What RS-232 does is it transmits a positive and negative voltage
across these wires corresponding to binary 1s and 0s (“Analog and Digital Gas Sensors:
What's the Difference?”, 2019). The advantage to this is that the data can now be
configured to be read by a microcontroller. Also, RS-232 can be converted to USB and
vice versa. This makes this a versatile way of outputting the signal. The downsides to this
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method are the short-range point to point wired connection is required between the sensor
and microcontroller, and this connection is low speed. For what the team is trying to
achieve this is not an issue.
Looking at data sheets for various carbon dioxide sensors shows that an example
of something that meets all these requirements could be something like the NDIR carbon
dioxide sensor. This sensor is low power with an average current of less than 1.5 mA.
There is also a range setting between 0-2000 ppm with an error of ±50 ppm and a
measurement noise of less than 10 ppm. On top of this, this sensor requires a 3.3 V
supply which is perfect for the power supply the team is considering, and it outputs a
digital signal.
Another useful sensor for detecting wildfires is a humidity sensor. These sensors
detect what the relative humidity in the surrounding environment is, where relative
humidity is the percent of water content in the surrounding environment compared to the
amount of water content that could be in the surrounding environment. This is important
because if the relative humidity is below 15% there is a significantly higher chance of a
wildfire starting for a dry thunderstorm (“Fire Weather Criteria.”, 2015). This low
humidity combined with gusts of wind also makes spreading a fire much easier. If the
sensor could help alert the user if these relative humidity conditions are met it could help
pinpoint where a fire could start.
Two of the most common types of humidity sensors are capacitive and resistive.
The capacitive humidity sensors are made of two metal plates that are separated by a thin
layer of non- conductive polymer film that attracts moisture from the air. This moisture
changes the voltage on the metal plates which means that this voltage represents the
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relative humidity in the surrounding environment (“Humidity Sensor: Basics, Usage,
Parameters & Applications.”, 2020). This voltage reading is measured and displayed as
an analog signal or converted to digital similarly to how the signal would be converted on
the carbon dioxide sensor. These sensors are capable of accurately measuring relative
humidity from 0 to 100%. The restive humidity sensors work similarly except the output
voltage will be inversely proportional to the relative humidity “Humidity Sensor: Basics,
Usage, Parameters & Applications.”, 2020). These sensors are cheaper, but they struggle
measuring relative humidity below 5% which is not viable for the purposes of this
project. The ideal humidity sensor would be capacitive, low power and digital output.
The next important sensor/detector to look at would be a temperature detector.
One of the main ways for the device to detect that there is a fire would be detecting a
change in temperature. The ideal temperature detecting system would be small while also
having low power and low cost. The system would also need to be able to detect
temperature changes outdoors over a wide range.
Most of the time, older temperature sensors used in fire alarms used changes in
voltage to represent a change in temperature (Aleksić and Vasiljević). The problem with
this was that converting voltage to rate of change of temperature was expensive due to
the need to use a voltage comparator and a differentiator. On top of this, a large amount
of power was consumed during this process and this type of circuit was difficult to realize
(Aleksić and Vasiljević). One solution to this was to use a PN junction’s inverse collector
current’s dependence on temperature and this property could be used to detect
changes in temperature. The advantages of this are that the inverse collector current of a
PN junction is usually on the order of micro amps. This means that the power
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consumption of this method is low (Aleksić and Vasiljević). The realization of the circuit
is also simple and low cost. The downside is that the accuracy for the rate of temperature
change detection part of this method is lower than it would be when using other detection
methods (Aleksić and Vasiljević). It would still be good enough for the device’s purposes
because it would not be necessary to detect small fluctuations in the rate of temperature
change. This method is still outdated and there are questions on how it would be
implemented with the microcontroller or its range.
There was a similar but more modern solution to this that used CMOS elements
instead of a PN junction. This solution also used the current dependence of the CMOS
device to measure temperature changes (Calhoun, Kamakshi and Shrivastava). It
consisted of a CMOS current source that was proportional to the absolute temperature, a
bit weighted current mirror and a current controlled oscillator (Calhoun, Kamakshi and
Shrivastava). The oscillator sends frequencies proportional to the current source that can
be converted to a signal that can be used detect the temperature by a digital block or
microcontroller (Calhoun, Kamakshi and Shrivastava). This means this sort of idea might
be more compatible with the wildfire detection system. The question of whether the
detection range in these implementations would be sufficient still arises from this.
The solution to the range of detection problem is using some sort of fiber optic
sensor instead of an electric sensor. This is because electrical signals could only measure
the temperature at a single point, whereas an optical fiber sensor using something such as
a Raman optical fiber could monitor temperatures over a wide range of space (Li et al.).
This type of sensor had a sensing range of 1.38 to 28.9 km in a controlled area of a
building created to act as an outdoor area would (Li et al.). The other advantage of this
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sensor is it had a fast response time and a high accuracy which are both qualities needed
for an early wildfire detection device. This sensor could detect a potential change in
temperature 46s in advance and achieve a mean error of only around 0.33 degrees Celsius
(Li et al.). The downside to this sort of detection method is that Raman optical fibers are
too expensive for the budget that the team has for the project.
Another solution would be to use some sort of IR sensor. IR sensors can measure
the heat of an object as well as detecting its motion. Optical infrared sensors can monitor
wide areas that are beyond human capabilities (Bosch, Gomez and Vergara). The way
existing IR forest fire detection works is that many infrared images are captured, and they
correspond to a pixel matrix where each pixel corresponds with its coordinates (Bosch,
Gomez and Vergara). These images are processed and put through an algorithm that
factors in many things to reduce the number of false positives that the system gives. One
of the main things that the algorithm factors in is the previous knowledge of how forest
fire temperature evolves. The way this is done is the previous images are considered, and
if the temperature is increasing linearly up to a certain point, then the alarm goes off
(Bosch, Gomez and Vergara). This is to keep factors such as cars and people being in the
images from giving the system a false positive (Bosch, Gomez and Vergara). The IR
sensor images also depend on the background noise of the area that the sensor is in. To
factor this in reference images are taken of the area to make some sort of noise predictor
and to improve the SNR of the system (Bosch, Gomez and Vergara). This sort of idea
could be implemented in the concept to increase its detecting range due to optical IR
sensors having a detecting range of around 10 m. This fulfills the engineering
requirement of being able to detect temperature from 10 m too. An optical IR sensor
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would likely need a digital output to be able to interface with the microcontroller.
The temperature sensing section of the device would likely use a combination of
the concepts from these different detection systems to achieve a favorable combination of
detection range, price, power usage and accuracy. Even with the improved range that an
optical fiber detection system would offer, an entire network of these sensors would need
to be employed to cover a significant amount of a forest.
To ensure that different components of this wireless network can communicate
with each other, it is important to look at different wireless communication methods. To
facilitate a wide coverage area, the wildfire detection system should employ a wireless
network of sensors, also known as a WSN. Because of their deployment into potentially
remote areas, a wireless communication scheme using minimal power and with
substantial range should be adopted. One such scheme commonly used in WSNs is the
Long-Range Wide-Area Network, or LoRaWAN. According to a recent publication,
LoRaWAN networking is suitable for use in environmental monitoring of agricultural
and marine environments because of its extended transmission range (of 15-30km) and
low energy use (8-10 years operation on battery power, according to specifications)
(Subashini). This efficiency is offset by relatively low data transfer rate of a maximum of
only 50kbps, but the wildfire detection system will not require very much bandwidth, so
LoRaWAN should be suitable. LoRa is the patented technology transmission technology
behind the LoRaWAN networking protocol. It broadcasts “chirps” at relatively low
frequencies (below 1GHz) which gives it extended range over other wireless
communication schemes such as Wi-Fi or Bluetooth. According to its patent, the chirp
technology used by LoRa is “…especially useful in the deployment of network of a large
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number of end nodes, which to transmit a limited amount of data, with low power and
over long ranges.” (Bernard)
A more recent option for wirelessly networking the independent sensors is the
DASH7 protocol. Though it has a maximum range of about two kilometers, DASH7 is
capable of device-to-device communication (Ayoub) and features the same ultra-low
power use claims of LoRaWAN. Though both technologies claim they may operate for
multiple years on a single battery charge, an energy consumption analysis of various
schemes including DASH7 and LoRaWAN found that real-world factors severely curtail
battery life, but that overall, those two schemes have better energy performance when
compared against other WSN options like Sigfox and NB-IoT (Singh, R.K.).
The last basic theory behind the concept is power. The concept will require power
in some way or another to operate the “brains” of the concept, a microprocessor of some
sort along with various sensors/detectors. Most residential smoke detectors require the
use of batteries, either 9V batteries or AA batteries (Powell and Portuqill). Older smoke
detectors could be powered through household current, although this is not nearly as
common anymore (Powell and Portuqill). Household current, or current in general would
not work in the concept, as the concept would be placed somewhere in the wilderness
with no access to a direct current. One of the limitations of the concept is how it would be
powered, as it must be “wireless”. As previously stated, smoke detectors in household
settings that have access to different power sources are typically only powered with
batteries (Powell and Portuqill). Our concept is limited to only batteries or some sort of
solar system, due to the environment that the concept would be located.
Primary/secondary batteries appear to be a good choice for powering a system
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like this. Primary/secondary batteries are a convenient source for power as they require
little to no maintenance, give off a reasonable amount of energy for a small system, have
a decent lifespan, good reliability, and are low cost (Linden and Reddy). This seems to be
a good choice for the concept, as the user should not have to run in to problems with
power when the system is in a remote location. Also, the batteries having a good lifespan
would make it convenient as someone would not have to go change the power source
every day. A tradeoff for batteries is that the energy density has tapered off over the past
couple of decades as existing systems have matured and higher energy batteries are
limited by the lack of new chemistries (Linden and Reddy). But this does not appear to
affect the concept that much, as part of our concept would require charging and changing
the batteries when they die. Patent US7295128B2 is relevant to the power aspect of the
concept as the power approach could be modified and applied to the concept, along with
some of the other technologies involved (Petite). The patent pertains to a smoke detection
system that monitors the presence of smoke, as it detects a change in signal upon
detection of smoke, the condition is communicated to a central location (Petite). This
patent presented can use either a rechargeable battery, a standard battery or AC power
with a battery backup (Petite). This makes it relevant to the design as the use of some sort
of battery system would be applied to power the “brains” of the concept, along with the
condition being wirelessly communicated to central area.
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1.4

Marketing Requirements (NG, AH, MP)
Table 1 as seen below shows the Marketing Requirements for the Autonomous

Wildfire Detection System that the team came up with.
Table 1: Autonomous Wildfire Detection System Marketing Requirements
No.
1

Marketing Requirements
The Autonomous Wildfire Detection System should be
compact and lightweight.

2

The Autonomous Wildfire Detection System should be able
to withstand outdoor conditions.

3

The Autonomous Wildfire Detection System should be
independently powered and have long enough charge for fire
seasons.

4

The Autonomous Wildfire Detection System should be able
to communicate at far ranges.

5

The Autonomous Wildfire Detection System should
accurately detect and alert conditions that indicate the
possibility of a fire with minimal false positives.
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2.

Engineering Analysis (NG, MP)

2.1

Structural Calculations (MP)
The structural design of the Autonomous Wildfire Detection System needs to be

constructed so it lightweight enough to be portable throughout whatever environment it
may be deployed in. Another reason for a lightweight design is in case the team would
ever have to mount this up in the air on a structure to receive a longer range to always
stay within range of the LoRa Gateway. The estimated mass of each component that will
be enclosed in the Autonomous Wildfire Detection System will be considered and then
summed up. The team has decided to overestimate the mass of each of the parts to ensure
that the mass of the Autonomous Wildfire Detection System will remain less than 500
grams if the team ever decides later that either more components would need be added or
if a stronger enclosure material is required to construct the Autonomous Wildfire
Detection System. Table 2 on the following page shows the process of deciding what
components will be in each Autonomous Wildfire Detection System device and coming
up with a rough mass of each of the components.
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Table 2: Estimation of Component Mass

Component
Estimated Mass (g)
LoRa Module
5
Temperature Sensor
5
Gas Sensor
5
Processor
5
PCB
10
Batteries
75
Buck Convertor
5
Enclosure
150
Solar Panels
150
Misc. Electrical Equipment
20
Wires/Connectors
10
Total
440
As seen from Table 2 the total mass estimation of the Autonomous Wildfire
Detection System and all its enclosed parts is roughly 440 grams of materials/components.
As expected, the Autonomous Wildfire Detection System will weigh more than your
standard home smoke detector. To be precise, the Autonomous Wildfire Detection System
will have roughly 4 times the mass of a standard home smoke detector. The team based
this total mass off standard home smoke detectors that are on the market. From there, the
team assigned appropriate mass values for the preliminary list of parts that will enclose the
Autonomous Wildfire Detection System and for the enclosure of the Autonomous
Wildfire Detection System.
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2.2

Power Calculations (MP)
To gain an understanding on the amount power required to power the

Autonomous Wildfire Detection System for an adequate amount of time the complete
system needs to be analyzed individually in terms of approximately how much current
each component will consume per hour. In terms of components the team needs to
consider a LoRa Module, Temperature Sensor, Gas Sensor, and a Microprocessor. The
first component to consider would be the LoRa Module. The LoRa Module will alternate
between sleep and active mode depending on whether it must send a signal or not. This
component will only send a signal if fire is detected, or it will send daily signals to make
sure the Autonomous Wildfire Detection System is still function properly. From Table 3
the team is assuming the LoRa Module will be in sleep mode for 59.95 minutes each hour
and the LoRa Module will consume on average 0.001 mA in this mode. The other
assumption is that the LoRa Module will be in active mode or sending a signal for 3
seconds each hour and the LoRa Module will consume on average 121 mA in this mode.
It is important to note that these consumption values were consistent for the RN2903 chip
that the team has decided to use.
Table 3: LoRa Module Current Consumption
Mode
Sleep
Active

Consumption (mA)
0.001
121

Duration (min)
59.95
0.05

Percent of Hour (h)
0.99917
0.00083

From Table 3 the team was able to find the average current consumption of the
LoRa Module per hour using Equation 1 based on the two previously mentioned
conditions.
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CCLM = (CS ∗ PHS ) + (CA ∗ PHA )
Where:
CS is the current consumption of the module in sleep mode
PHS is the amount of time the module is in sleep mode per hour
CA is the current consumption of the module in active mode
PHA is the amount of time the module is in active mode per hour

Plugging these into (1):
CCLM = 0.102 mAh/h

The next components to consider are the Temperature Sensor, Gas Sensor, and the
Microprocessor. The Temperature Sensor and Gas Sensor are like the LoRa Module
where they will spend most of their time in sleep mode and will only be actively taking
measurements for a small percent of an hour. The Microprocessor is opposite of the
previously mentioned devices and is assumed to spend all its time in active mode, so it
will just consume its rated input current per hour. Table 4 shows the consumption of each
mentioned component. It is important to note that these consumption values were
consistent among the datasheets for the actual parts that the team had picked to use.
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(1)

Table 4: Temperature Sensor, Gas Sensor and Processor Current Consumption
Device
Temp Sensor
Gas Sensor
Microprocessor

Consumption
(mA)
0.0006
0.6500
0.0100
1.0000
1.0000

Mode
Sleep
Active
Sleep
Active
Active

Duration (min)
50
10
50
10
60

Percent of Hour
(h)
0.83333
0.16667
0.83333
0.16667
1.00000

From Table 4 the team was able to find the average current consumption of the
previously mentioned components per hour using Equation 1 and Equation 2 based on
the previously mentioned condition.

CCX = (CX ∗ PHA )

(2)

Where:
CX is the current consumption of the selected device
PHA is the amount of time the selected device is in active mode per hour

Plugging these into (2):
CCTS = 0.109 mAh/h
CCGS = 0.175 mAh/h
CCP = 1.0 mAh/h

The next item to consider is the total current consumption per hour for all the
mentioned components and that was done with the use of Equation 3 as seen below.

TotalCC = (CCLM + CCTS + CCGS + CCP )
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(3)

Values for these variables:
CCLM = 0.102 mAh/h
CCTS = 0.175 mAh/h
CCGS = 0.175 mAh/h
CCP = 1.0 mAh/h
Plugging these into (3):
TotalCC = 1.386 mAh/h

The last item to consider is total battery life in days. This was found under the
assumption that the team is using 1 2500mAh lithium-ion rechargeable battery. Total
battery life excluding the addition of renewable energy sources was found in days with
the use of Equation 4.

BatteryLife =

BC
(TotalCC ∗ 24)

Where:
BC is battery capacity of 2 batteries in parallel
TotalCC is the total current consumption of all components

Values for these variables:
BC = 2500 mAh
TotalCC = 1.386 mAh/h
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(4)

Plugging these into (4):
BatteryLife = 75.2 Days

It is important to note that this calculation for battery life in days is approximate
and represents a conservative calculation for power specifications. This approximate
calculation shows that each Autonomous Wildfire Detection System should easily be able
to make it through a typical fire season, especially with the addition of a photovoltaic cell
(4 months). Upon conclusion of fire season, the lithium-ion battery in each Autonomous
Wildfire Detection System will also be able to be recharged via USB to allow for
redeployment for the next fire season. That is, the input to the charging circuit for the
battery will be able to accept a USB connection along with a photovoltaic cell.
For example, adding a small 5 V, 100 mA photovoltaic cell to the input of the
charging circuit with an assumed efficiency of roughly 70% since the input voltage of the
solar panel will be higher than that of the battery, will roughly provide 100mAh to the
battery in full sunlight, while approximately providing 5-10mAh in low sunlight levels.
This amount of charging will be adequate to keep the battery topped off as the total
current consumption of all the devices in each Autonomous Wildfire Detection System
that need power is relatively low, hence allowing the device to easily make it through a
full fire season without the need to be recharged via USB. Also, the photovoltaic cell
would not overcharge the battery as the charging circuit has two integrated circuits that
will protect for overcurrent and overvoltage. The USB rechargeable feature is just
implemented in case someone would want to take down each Autonomous Wildfire
Detection System at the conclusion of each season and be able to recharge the battery that
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way. Table 5 as seen below gives a brief overview of what was analyzed in this power
section with the inclusion of averaging out the current consumptions of the devices, along
with the total power draw of each of the devices that will be included in each
Autonomous Wildfire Detection System.
Table 5: Power/Current Consumption Overview
Wildfire Detector Transmitter Voltage (V) Current (mA) Power (mW)
LoRa Module
3.3
0.102
0.337
Temperature Sensor
3.3
0.109
0.360
Gas Sensor
3.3
0.175
0.578
Processor
3.3
1.000
3.300
Total
1.386
4.574
Device
Wildfire Detector Transmitter

Days
75.2
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Active
1.000
1.000
1.000
1.000

Actual Power (mW)
0.337
0.360
0.578
3.300
4.574

2.3

Communications Calculations (NG)
The device must be able to communicate from a long range with whatever will be

transmitting the messages to the user. This would allow the Wildfire Detection Systems
to cover more ground because you could place multiple systems at a far distance from the
gateway device. In the background section it was found that the best thing to use for this
is a LoRa receiver and gateway module due to its long communication range and low
power consumption. In this section the communication range will be looked at more in
depth.
The communication range calculations start with the receiver sensitivity because
this determines how much receive power the receiver will need to communicate with the
gateway. The equation for the receiver sensitivity can be found in Equation 5 below.

S = −174 + 10 log(BW) + NF + SNR

Where:
S is the receiver sensitivity in dBm
BW is the bandwidth in Hz
NF is the receiver noise figure in dB
SNR is the signal to noise ratio based on the SF or spreading factor of the
receiver

Practical numbers for a LoRa receiver using a SF of 10:
BW = 125 kHz
NF = 6 dB
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(5)

SNR = −15 dB
Plugging these into (1):
S = −132.03 dBm

As seen in the calculations above the bandwidth for a LoRa receiver usually has a
bandwidth of around 125 Khz, and a typical number for the noise figure is about 6 dB.
The noise figure is what factors in the differences between an ideal receiver and an actual
receiver. The SNR is dependent on something called the SF or spreading factor of the
receiver. The spreading factor can be set to a number from 7-12 and each number
corresponds to a different SNR as seen in Table 5.
Table 6: Spread Factor Comparisons

A higher spread factor corresponds to a lower SNR limit. This is because this type
of receivers typically operates and negative SNRs which means the signal is below the
noise floor as seen in Table XX. Being able to operate at these SNRs allows the receiver
to be more sensitivity to low power transmissions. This is shown in equation 5 because
the SNR is added to the sensitivity so the more negative the SNR limit the more sensitive
the receiver is. The tradeoff to this is processing lower SNR limits take a longer time so
the bit rate goes down. This also leads to a higher TOA or time on air which means that
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the amount of time after you send a signal before it is received will be higher. The
challenge here is finding a balance between SNR limit and bit rate of the receiver. In the
sample calculations a SF of 10 was used because it was a happy medium between the
two. Its TOA is much lower than the two seconds the team wanted, and the data rate
should be higher than the goal of 900 Bps. The exact data rate will be calculated below.
Using these numbers, it was found that the LoRa receiver sensitivity would be around
–132.03 dBm.
Using the receiver sensitivity, the received power at the receiver can now be
found using Equation 6.

PRX = PTX + S
Where:
PRX is the LoRa received power
PTX is the transmit power
S is the receiver sensitivity in dBm

Practical numbers for a LoRa receiver:
PTX = 25 dBm
S = −132.03 dBm from (5)

Plugging these into (6):
PRX = −107 dBm
Once the received power is found it can be used to find the distance that the transmitter
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(6)

can be from the receiver using the Egli model from Equation 7.

PRX

ht hr 40 2
= GT GR ( 2 ) ( ) PTX
d
f

Where:
PRX is the LoRa received power in W
PTX is the transmit power in W
f is the frequency in MHz
ht is the transmitter height
hr is the receiver height
GT is the transmitter antenna gain
GR is the receiver antenna gain
d is the distance between the transmitter and receiver

Practical numbers for a LoRa receiver:
PRX = 2 ∗ 10−14 W from (6)
PTX = 0.32 W
GT = GR = 1
ht = 15 m
hr = 15 m
f = 915 MHz

Plugging these into (7) and solving for d:
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(7)

d = 6263.4 m
In this equation the antenna gains, and height are accounted for as well as the
frequency that the receiver will be operating at. The gains were assumed to be 1 and the
heights were put at 15 m because having the antennas high up greatly increases the range
the signals can reach. The other advantage to this is something like trees or other
obstructions would not interfere with the communication range. The antenna would be
mounted to some sort of pole to achieve this range. The frequency is set to 915 MHz
because that is a typical operating frequency that LoRa receivers operate with in North
America. It can also be seen that the receiver and transmitters can be placed over 6000
meters from each other and still communicate. This is well over the engineering
requirement of 5000 meters which should give wiggle room when it is time to pick the
receiver parameters. This distance is also comparable to other communication methods
such as cellular, but LoRa was chosen due to its power efficiency. The distance is also far
higher than what Bluetooth could provide. Next the data rate of the LoRa receiver was
calculated using Equation 8.

R b = SF ∗

4
[4 + CR]
2SF
[BW]

∗ 1000

Where:
SF is the spreading factor of the receiver
BW is the bandwidth in KHz
CR is the coding rate of the receiver
Rb is the data rate of the LoRa receiver in bps
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(8)

Practical numbers for a LoRa receiver:
BW = 125 kHz
SF = 10
CR = 1
Plugging these into (8):
R b = 976.6 bps
The new parameter in Equation 8 is the coding rate or CR. This has to do with
how much error correction that the system is using. If the channel is particularly noisy the
CR should be raised. This in turn lowers the data rate. For now, the CR was set to 1
because the noise of the channel is unknown. All other parameters were kept consistent
from previous equations.
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3.

Engineering Requirements Specification (NG, AH, MP)
Table 6 as seen below shows the Engineering Requirements for the Autonomous

Wildfire Detection System that the team came up with based upon the Engineering
Analysis section.
Table 7: Engineering Specifications
Marketing
Engineering Requirements
Requirements
1
The mass of the Autonomous
Wildfire Detection System should
be less than 500 grams.

Justification
The mass of the Autonomous
Wildfire Detection System needs
to be designed so that it can easily
be mounted to have a clear line of
sight.

2

The Autonomous Wildfire
Detection System should be
weatherproof and be able to
operate between the temperatures
of -40° – 120° C.

The Autonomous Wildfire
Detection System will be outdoors
and will need to be constructed so
it is durable to all weather
conditions.

3

The Autonomous Wildfire
Detection System should have a
standard operating time of at least
4 months.

The Autonomous Wildfire
Detection System needs to be able
to fully make it through the typical
length of a fire season.

4, 5

The Autonomous Wildfire
Detection System will have a
communication range of at least
5km in free space.

The Autonomous Wildfire
Detection System needs to stay
connected to the LoRa Gateway
and user interface to
accurately detect if a fire has been
detected in an area.

4, 5

The Autonomous Wildfire
Detection System receiver should
have a sensitivity of at least –100
dBm.

The Autonomous Wildfire
Detection System needs to have a
long communication range and use
a small amount of power.
Therefore, the receiver would need
to be able to operate with low
received power.
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5

5

5

4, 5

4, 5

4, 5

The Autonomous Wildfire
Detection System should be able
to detect sudden temperature
changes.
The Autonomous Wildfire
Detection System should be able
to detect if over 1,000 ppm of
CO2 is present.

If the Autonomous Wildfire
Detection System can’t detect
sudden temperature changes it is at
risk of burning up in a fire.
1,000 ppm of CO2 in a wildfire is
high, so if an excess of this amount
is detected this could be a clear
sign of a wildfire.

The Autonomous Wildfire
Detection System should
accurately monitor humidity
levels below 15%
The Autonomous Wildfire
Detection System should be able
to alert the user within 2 seconds
if signs of a fire have been
detected.
The Autonomous Wildfire
Detection System should send
daily alerts of the temperature,
humidity, and CO2 presence.
The GUI application will allow
the user to view data from the
Autonomous Wildfire Detection
System. The user should be
alerted if signs of fire are
detected.

The lower the relative humidity,
the more readily a fire will start
and burn, and the more vigorously
a fire will burn.
Without this function, the purpose
of the device would be defeated as
hundreds of acres could burn up if
not for a quick alert.
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By receiving this data, historical
logs can be developed to pay
closer attention to trends during
fire season.
The user should be able to observe
if signs of fire in the region of the
Autonomous Wildfire Detection
System are prevalent. This GUI
should be able to save data so
historical trends can be interpreted.

4.

Engineering Standards Specification (NG, AH, MP)

4.1

Safety (NG, AH, MP)

•

NFPA 70

•

ANSI/IEEE C95. 1-1992

4.2

Communications (NG, AH, MP)

•

Universal Serial Interface (USB)

•

Ethernet

•

LoRaWAN (US902-928)

4.3

Data Formats (NG, AH, MP)

•

JSON

•

XML

•

CSV

4.4
•

4.5

Design Methods (NG, AH, MP)
IEEE

Programming Languages (NG, AH, MP)

•

C

•

JavaScript

4.6

Connector Standards (NG, AH, MP)

•

USB

•

Ethernet

36

5.

Accepted Technical Design (NG, AH, MP)

5.1

Hardware Design (NG, MP)

Level 0 Block Diagram (NG, MP)
Shown below in Figure 1 is the Level 0 Hardware block diagram. This diagram
shows the Wildfire Detection System and links between the Wildfire Detection System
and user interface as a complete system. This is a high-level model that shows the basic
inputs and outputs of the Wildfire Detection System and the link between the Wildfire
Detection System and the User Interface.

Figure 1: Level 0 Autonomous Wildfire Detection System Block Diagram
Table 8: Hardware Level 0 Descriptions
Module

Wildfire Detection System

Designer

•
•
•

Nick Garrett
Adam Holl
Matthew Pyle

Inputs

•
•
•

Carbon Dioxide
Power
Ambient Temperature/Humidity

Outputs

•

LoRa Signal

Description

The Wildfire Detection System detects carbon dioxide and
temperature/humidity changes. It then sends this information
to the LoRa gateway daily or if a significant change in these
parameters that indicates a possible fire is detected.
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Module

LoRa Gateway

Designer

•
•
•

Nick Garrett
Adam Holl
Matthew Pyle

Inputs

•

LoRa Signal

Outputs

•

Data Transfer

Description

The LoRa gateway gets the signal from the Wildfire
Detection System that contains the carbon dioxide and
temperature/humidity information and sends the data from
this signal to the LoRa network.

Module

LoRa Network

Designer

•
•
•

Nick Garrett
Adam Holl
Matthew Pyle

Inputs

•

Data Transfer

Outputs

•

Data Transfer

Description

The data that the LoRa gateway received is transferred to the
LoRa Network. From here the data can be transferred to the
User Interface.
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Module

User Interface

Designer

•
•
•

Nick Garrett
Adam Holl
Matthew Pyle

Inputs

•
•

Data Transfer
User Inputs

Outputs

Data from LoRa Network

Description

The user interface will allow the user to see daily updates of
the data that the LoRa network receives and will alert the
user if a change in parameters that could mean a fire is
detected.
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Level 1 Block Diagram (NG, MP)
Shown below in Figure 2 is the Level 1 Hardware block diagram. This diagram
shows a lower-level view of the Wildfire Detection System. The goal of this diagram is to
demonstrate how the system will be connected to allow it to receive power, detect
temperature, humidity, and carbon dioxide, and send signals to the user interface
efficiently.

Figure 2: Level 1 Autonomous Wildfire Detection System Block Diagram
Table 9: Hardware Level 1 Descriptions
Module

Temperature/Humidity Sensor

Designer

•
•
•

Nick Garrett
Adam Holl
Matthew Pyle

Inputs

•

Ambient Temperature/Humidity

Outputs

•

Ambient Temperature/ Humidity Readings

Description

The Temperature/Humidity sensor detects the temperature
and humidity around the Wildfire Detection system and
transfers this data to the microcontroller.
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Module

Carbon Dioxide Sensor

Designer

•
•
•

Nick Garrett
Adam Holl
Matthew Pyle

Inputs

•

Carbon Dioxide

Outputs

•

Carbon Dioxide Readings

Description

The Carbon Dioxide sensor detects the levels of carbon
dioxide around the Wildfire Detection system and transfers
this data to the microcontroller.

Module

Power Supply

Designer

•
•
•

Nick Garrett
Adam Holl
Matthew Pyle

Inputs

•

Power

Outputs

•

Regulated Power

Description

The power supply powers the whole Wildfire Detection
System. It also takes the input power and regulates it to a
value that is safe for the microcontroller to operate with.
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Module

Designer

Microcontroller
•
•
•

Nick Garrett
Adam Holl
Matthew Pyle

•

Inputs

•
•

Regulated Power
Carbon Dioxide Readings
Ambient Temperature/Humidity Readings

Outputs

•

Data Signal

Description

The microcontroller manages the incoming data from the
sensors as well as the outgoing data to the LoRa module. If
the sensor parameters change by a dangerous threshold the
microcontroller will detect this and send a signal to the LoRa
module that a fire has possibly been detected. The
microcontroller will also send periodic signals to the LoRa
module that include the ambient temperature/humidity and
carbon dioxide readings.

Module

LoRa Module

Designer

•
•
•

Nick Garrett
Adam Holl
Matthew Pyle

Inputs

•

Microcontroller Signals

Outputs

•

LoRa Signal

Description

The LoRa module receives signals from the microcontroller
that tells it when to send data to the LoRa gateway. It will
send a signal periodically or if the microcontroller or if the
microcontroller detects a fire.
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Level 2 Block Diagram (NG, MP)
Shown below in Figure 3 is the Level 2 Hardware block diagram. This diagram
shows a lower-level view of the power supply of the Wildfire Detection System. This
details how the correct voltage will be applied to the microcontroller and shows how the
sensors and LoRa Module will connect to the microcontroller.

Figure 3: Level 2 Autonomous Wildfire Detection System Block Diagram
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Table 10: Hardware Level 2 Descriptions
Module

Temperature/Humidity Sensor

Designer

•
•
•

Nick Garrett
Adam Holl
Matthew Pyle

Inputs

•

Ambient Temperature/Humidity

Outputs

•

Ambient Temperature/ Humidity Readings

Description

The Temperature/Humidity sensor detects the temperature
and humidity around the Wildfire Detection system and
transfers this data to the microcontroller via I2C serial
communication. This sensor runs on 3.3V from the power
circuit and the SDA and SCL pins must also be connected to
3.3V for I2C to work properly. Note that pull up resistors are
needed in between SDA/SCL and the 3.3V, but they are not
pictured here.

Module

Carbon Dioxide Sensor

Designer

•
•
•

Nick Garrett
Adam Holl
Matthew Pyle

Inputs

•

Carbon Dioxide

Outputs

•

Carbon Dioxide Readings

Description

The Carbon Dioxide sensor detects the levels of carbon
dioxide around the Wildfire Detection system and transfers
this data to the microcontroller. The data will be transferred
using UART serial communication. The carbon dioxide
sensor will also run on 3.3V from the power circuit.
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Module

USB Charging Circuit

Designer

•
•
•

Nick Garrett
Adam Holl
Matthew Pyle

Inputs

•

Power

Outputs

•

Power

Description

The Li-ion rechargeable battery will be re-charged via the
USB charging circuit when its power runs out.

Module

Protection Circuit

Designer

•
•
•

Nick Garrett
Adam Holl
Matthew Pyle

Inputs

•

Power

Outputs

•

Power

Description

The protection circuit protects the rest of the circuit from
overcharging. This is included to ensure that the battery will
safely charge.
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Module

Li-ion Rechargeable Battery

Designer

•
•
•

Nick Garrett
Adam Holl
Matthew Pyle

Inputs

•

Power

Outputs

•

3.7 V

Description

The Li-ion battery will apply 3.7 V DC to the buck
converter.

Module

Buck Converter

Designer

•
•
•

Nick Garrett
Adam Holl
Matthew Pyle

Inputs

•

3.7 V

Outputs

•

3.3 V

Description

The buck converter will step down the voltage from 3.7 V
DC to the 3.3 V DC that the microcontroller will need to
operate.
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Module

Designer

PIC18
•
•
•

Nick Garrett
Adam Holl
Matthew Pyle

•

Inputs

•
•

Regulated Power
Carbon Dioxide Readings
Ambient Temperature/Humidity Readings

Outputs

•

Data Signal

Description

The PIC18 microcontroller manages the incoming data from
the sensors as well as the outgoing data to the LoRa module.
If the sensor parameters change by a dangerous threshold the
microcontroller will detect this and send a signal to the LoRa
module that a fire has possibly been detected. The
microcontroller will also send periodic signals to the LoRa
module that include the ambient temperature/humidity and
carbon dioxide readings. This PIC18 model has two UART
ports and two I2C ports so that it can communicate to all of
the sensors and the RN2903 LoRa module.
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Module

RN2903 LoRa Module

Designer

•
•
•

Nick Garrett
Adam Holl
Matthew Pyle

Inputs

•

Microcontroller Signals

Outputs

•

LoRa Signal

Description

The RN2903 LoRa module receives signals from the
microcontroller that tells it when to send data to the LoRa
gateway. It will send a signal periodically or if the
microcontroller or if the microcontroller detects a fire. The
RN2903 will communicate with the PIC18 microcontroller
via UART serial communication. The RN2903 will also
receive 3.3 V from the power circuit to operate.
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Power Distribution Schematic (MP)
To power each Autonomous Wildfire Detection System, the group designed a
power distribution circuit that would power the embedded systems circuit with 3.3V. A
schematic of the power distribution system can be seen below in Figure 4. The circuit
will be driven by a 3.7V nominal lithium-ion battery with a capacity of 2500mAh,
although the team could opt to select a battery with the same voltage and more capacity
to get a longer base battery life for the system. As seen in the schematic in Figure 6, each
major portion of the circuit has been boxed in and given a title to simplify the visual flow
of the schematic.
There are three different sections of the power distribution schematic, the
Charging Circuit, the Protection Circuit and the 3.3V Step Down DC-DC Converter.
Essentially, when the Charging Circuit is given a 5V input from either a USB charging
port or a 5V photovoltaic cell, the battery will be charged by a constant 4.2V and 500mA
coming out of the MCP73831. Obviously, if the battery were to be charged via the
photovoltaic cell, then the current would be less than the maximum of 500mA, hence
meaning the battery would just charge slower. An AP9101C protection chip will monitor
the battery for an over discharge or overcharging condition and will protect the battery
from being damaged. The last part of the circuit is the ZXL330E5TA fixed 3.3V linear
regulator that will take the incoming 3.7V from the lithium-ion battery and step that
voltage down to 3.3V that will supply the various sensors and microprocessor on the
embedded side of the project. This circuit is solely responsible with supplying power to
other parts of the Autonomous Wildfire Detection System and to charge the Autonomous
Wildfire Detection System when needed.
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The charging circuit is made up of one MCP73831 4.2V constant current/constant
voltage charging IC chip and various external components. The constant current value is
set with one external resistor. This equation can be seen below in Equation 9. Where
RPROG is the resistor value across pin 5 or the PROG pin. RPROG was set to be 2000Ω by
team, meaning IREG was limited to 500mA.

IREG =

1000V
R PROG

The purpose of this IC chip is to charge the battery to 4.2V for optimal operating
times. The MCP73831 will approximately receive a 5V input from either a USB charger,
or a 5V input form a photovoltaic cell to the VDD pin, which will bypass the UVLO and
initiate the charge qualification of the chip. The UVLO is an internal circuit that monitors
the input voltage and keeps the charger in shutdown mode until the voltage on the VDD
pin rises above the built-in hysteresis of 100mV. The charge qualification of the chip is
bypassed when two conditions are met, that is, a charge programming resistor must be
connected from PROG to VSS, and a battery or output load must be present to start
charging. If the voltage at the VBAT pin is less than the preconditioning threshold, the
MCP73831 will enter a trickle charge mode. When the voltage at VBAT rises above the
precondition threshold then the MCP73831 will enter constant current charging. When
constant current charging is enabled the LED on the STAT pin will light up during the
charge cycle, indicating that the battery is charging. The battery will then charge up to an
optimal voltage of 4.2V and the MCP73831 will shut off once the battery has reached a
full charge. Two decoupling capacitors are also placed from VDD to GND and from VBAT
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(8)

to GND to prevent noise from entering the system and voltage spikes on the supply lines.
The MCP73831 IC chip and its respective circuitry was tested in the lab and worked as
intended.
The protection circuit is made up of one AP9101C lithium-ion protection IC chip
and various external components. This chip will monitor the voltage of the battery using
the VDD and VSS pins and the VM and VSS pins, which watch for battery charging and
discharging conditions throughout the CO and DO pins respectively. The CO and DO
pins are immediately connected to N-channel Enhancement mode MOSFETs. These
MOSFETs will remain in the on state if the voltage value of the battery stays inside of the
operable voltage range specified in the datasheet. When the voltage value of the battery is
too high or when an overcharge condition occurs, the CO MOSFET will be pulled low
and stop the battery from charging. When the voltage of the battery is too low or an over
discharge condition occurs, the DO MOSFET will be pulled low and stop the battery
from charging. The AP9101C will perform similar actions when discharge overcurrent
and short current conditions occur. The AP9101C IC chip and its respective circuitry was
tested in the lab in conjunction with the Charging Circuit and worked as intended.
The 3.3V Step Down DC-DC Convertor is made up of one ZXCL330E5TA 3.3V,
150mA linear voltage regulator IC and two decoupling capacitors that reduce the noise
that is entering the system and voltage spikes on the supply lines. This circuit will supply
a constant 3.3V to the embedded systems circuitry. This regulator works by supplying
3.7V or the voltage of the lithium-ion battery to the VIN pin, which allows the internal
circuitry of this chip to step down or step up the voltage to a constant 3.3V. The VIN pin
will accept a voltage range from 2V – 5.5V, so if the battery somehow gets down to its
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rated capacity of 3V this convertor will still work. The current limit on the
ZXCL330E5TA is restricted to 230mA and the range of the overcurrent should be
considered as a minimum of 160mA to a maximum of 800mA. The output current was
tested in the lab by putting a load (resistor) from VO pin to ground. When the value of
resistance got too low, hence a large current was formed at the output, thermal overload
and overcurrent would kick in and disable the device until it cooled. Ideally, the current
would never be this large, as the embedded systems circuitry requires a very small
current to work properly. The ZXCL330E5TA IC chip and its respective circuitry was
tested in the lab in conjunction with the Charging Circuit and the Protection Circuit with
the battery connected, and overall, the power scheme worked as designed/intended. Some
minor tweaks will need to be made to refine the design, but overall, the power schematic
is working as expected.
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Figure 4: Power Distribution Schematic
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Embedded Systems Schematic (NG)
The Autonomous Wildfire detection system will contain many sensors and a
LoRa Receiver that all need to be connected and interfaced to a microcontroller. The
microcontroller the team decided to use was a PIC18 because it has two UART ports and
two I2C ports which is enough for the two sensors and receiver that need to be interfaced.
The first sensor shown in Figure 6 is the COZIR LP-5000 CO2 sensor. This
sensor has the capability of detecting above 1000 ppm of CO2 as stated in the
engineering requirements. The sensor also is interfaced using UART commands so the
TX OUT and RX IN pins are connected to pins RC7 and RC6 pins respectively on the
PIC18 as shown in Figures 5 and 6. This model of PIC18 has the peripheral pin select or
PPS feature which allows the UART functionalities to be mapped to a wide selection of
pins, and RC7 and RC6 are included in this selection and will be mapped to the UART
RX and TX respectively. The VDD pin is connected to the 3.3V supplied by the power
circuit which is the typical operating voltage of this sensor.
The temperature and humidity sensor that was chosen is the HIH7120-021-001TR
as shown in Figure 6. This sensor has the capability of detecting a relative humidity
below 15% as required, and it also can detect changes in temperature as stated in the
engineering requirements. This sensor uses I2C communication so SDA and SCL are
connected to one of the SDA and SCL pins of the PIC18. The pins chosen were RC4 and
RC5 respectively. The SDA and SCL pins also have 2.2kΩ pull-up resistors connected
between SDA/SCL and the 3.3V supplied by the power circuit as recommended by the
data sheet to define the logic level of the pins to 3.3V. This sensor also runs on 3.3V so
the VDD pin is connected to the 3.3V output of the power circuit. The last requirement is

54

that there needs to be a 400nF decoupling capacitor connected between VDD and ground.
The last thing shown in Figure 6 is the configuration of the PICkit3. This
configuration will allow the team to upload and debug the MPLab code from the PC to
the microcontroller via a USB connection. The PICkit3 also requires 3.3V to operate and
the other pins are connected to the correspondingly named pins on the microcontroller.
The RN2903 LoRa receiver was chosen to send the data from the Autonomous
Wildfire Detection System to the user interface due to it being able to fulfil the transmit
range and power consumption requirements. This chip uses UART interfacing so the
other UART ports on the PIC18 will be used for it. UART RX and TX pins were
connected to RB4 and RB5 which can be mapped to UART TX and RX respectively.
This chip also requires 3.3V to operate which again can be applied using the power
circuit. Another requirement shown in the data sheet is that a 50Ω resistor needs to be
placed between the RF pin and the antenna to limit the current flowing through the
antenna.
Lastly, the PIC18 itself has many required circuit configurations. Like everything
else in the embedded schematic, it operates on 3.3V. There also must be a 100nF
decoupling capacitor placed between 3.3V and ground at both VSS connections. An
external oscillator is also required to operate the PIC18. This clock uses a 32KHz crystal
and will be configured as shown in Figure x in order to be able to operate the oscillator in
XT, HS or LP mode. This was chosen because these modes give a wide variety of
operating frequencies. The most likely uses for this configuration are XT mode which can
drive resonators between 500kHz and 8 MHz or HS mode which allows resonators above
8MHz to be driven. The last configuration that needs to be explained is the MCLR pin
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which is configured as shown in Figure 5 as recommended by the data sheet. This pin is
used for the device reset feature and device programming and debugging as shown in the
Figure 6 PICkit3 configuration. The 10kΩ resistor is used to meet the voltage
specifications of the MCLR pin and the 470Ω resistor limits the current flowing into the
MCLR pin from the capacitor.

Figure 5: Embedded Schematic Microcontroller Connections and Lora Receiver
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Figure 6: Embedded Schematic Sensor and PICkit Connections
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5.2

Software Design (NG, AH, MP)

Flow Diagram Level 1 Embedded Controller (NG, AH, MP)
Figure 4 below outlines the embedded main source code to be running on the
detection devices. The code will continuously loop with two separate branches. One
branch simply deals with sending out a message every 12 hours to signify that the device
is still active and working properly. The code will also continuously be checking the
surrounding environmental data in case any of the sensor’s thresholds are exceeded. The
code is designed this way as the most energy intensive task of the device will be sending
a LoRa message to the receiver. Once the thresholds are exceeded, the code will awake
the LoRa module and send out a message to the receiver. This receiver relays the
message to the LoRa network where the user interface will interpret the message and
display the according alert.
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Figure 7: Software Flow Diagram
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Block Diagram Level 0 Software (AH)
The Level 0 software shown below simply details the data transfer from the
Wildfire Detection System nodes to the LoRa network. The user interface will then be
able to pull data from the LoRa network and display the alerts.

Figure 8: Level 1 Software Block Diagram
Table 11: Software Level 0 Descriptions
Module

End Node

Designer

•

Adam Holl

Inputs

•

Sensor Input

Outputs

•

Data Transfer

Description

The End Node represents the nodes that
will be deployed in the wildfire detection
area. These nodes have sensors that will
trigger an alert and data transfer.
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Module

LoRa Network

Designer

•

Adam Holl

Inputs

•

Device Data Transfer

Outputs

•

Signal to GUI

Description

The LoRa network receives relayed
messages through the gateway from the
devices. These messages can then be
interpreted and pulled onto the GUI.

Module

Application

Designer

•

Adam Holl

Inputs

•

Signal from LoRa Network

Outputs

•

None

Description

The GUI will receive messages from the
LoRa Network and display if the message
is a daily update or an alert to a potential
fire.
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Block Diagram Level 1 Software (AH)
The Level 1 software goes into more detail about breaking down the data transfer
from devices. The LoRa end node is shown with its internal sensors and processors. Once
the sensors thresholds are exceeded, the end nodes will send out a message to the LoRa
Gateway. From here, the message is relayed to the LoRa Network and pulled onto an end
application.

Figure 9: Level 1 Software Block Diagram
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Table 12: Software Level 1 Descriptions
Module

LoRa End Node

Designer

•

Adam Holl, Nicholas Garrett

Inputs

•

Environmental Data

Outputs

•

Data Transfer to LoRa Gateway

Description

Inside the LoRa End Node, the CO2 and
temp/humidity sensors will constantly
monitor environmental data to prepare for
a LoRa transmission

Module

LoRa Gateway

Designer

•

Adam Holl

Inputs

•

Uplinks from End Nodes

Outputs

•

Message relay to LoRa Network

Description

The gateway simply relays uplinks to the
LoRa Network server
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Module

LoRa Network

Designer

•

Adam Holl

Inputs

•

Messages relayed from LoRa
Gateway

Outputs

•

API link to Application Server

Description

Transfer Data into written message

Module

Application Server

Designer

•

Adam Holl

Inputs

•

API link to LoRa Network

Outputs

•

n/a

Description

Hosts the Application and sends out text
updates to appropriate personnel

Module

Application

Designer

•

Adam Holl

Inputs

•

None

Outputs

•

Display uplink messages

Description

Displays written message
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UART Command Transmission Code (NG)
The code shown in Figures 10 through 13 is designed to transmit a UART ASCII
commands using the explorer16 board. First the configuration bits were set as seen in
Figure 10. The primary oscillator mode chosen was XT mode with the PLL model. This
means the Fcy will be set to 16MHz. Also shown in Figure 10 are the pin initializations
where pin 49 is set to be the UART transmit pin and set to start high and pin 50 is set to
be the UART receive pin. From the oscillator frequency the baud rate can be determined
using equation 9.
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Figure 10: UART Configuration Bits and Pin Initializations
BRG =

FCY
−1
4 ∗ DBR

Where:
BRG is the value the register will be set at in the code based on BRG1
being enabled
Fcy is the oscillator frequency
DBR is the desired baud rate

Values for these variables:
FCY = 16MHz
DBR = 9600 bits/s
Solving the equation:
BRG = 415.67
To decide whether to round up or round down the percent error is calculated using
equations x and x.
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(9)

Actual Baud Rate =

Percent Error =

FCY
4 ∗ (BRG + 1)

Desired Baud Rate − Actual Baud Rate
∗ 100
Desired Baud Rate

Using the same values as before the actual baud rate based on rounding is
calculated:

Actual Baud Rate (Rounding Up) = 9592.3 bits/s
Actual Baud Rate (Rounding Down) = 9615.4 bits/s
From this the percent error is found:
Percent Error (Rounding Up) = 0.08%
Percent Error (Rounding Down) = 0.16%

As shown in the calculations for Fcy=16Mhz, BRGH1 is enabled and BRG will be
set to 416 due to a lower percent error rounding up. This sets the UART to the desired
baud rate of 9600. This baud rate was chosen because the CO2 sensor operates with this
baud rate. It can also be seen in Figure 11 that using the U1MODE command 8 data bits,
zero parity bits, and 1 stop bit are selected to match what is required to communicate with
the CO2 sensor on the data sheet.
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(10)

(11)

Figure 11: UART Initialization Function
The other functions used in the main loop of the code can be seen in Figure 12.
These functions include UART1_Write, UART1_IsRxReady and UART1_Read. These
functions write a character to the UART, wait for the UART buffer to be ready to receive
a character, and read the contents of the UART register respectively.
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Figure 12: UART Transmit Character, Wait for Character to be Received, and Receive
Character Functions
The main loop can be seen in Figure 13. All the previous configurations and
functions are included in the header file. Before the main loop a variable of type character
called “temp” is declared. The way this loop works is that after the initialization function
is called and the character is ready to be received this temporary variable is set to the
value of the data that is read from the UART. The way this data is sent to the UART is
via software such as Docklight that allows characters to be sent over the serial port via
USB. This character is then written to the UART using the write function. This means
that when characters are transmitted with Docklight the characters chosen will be
transmitted through the TX pin and whatever RX value that comes back is what was sent.
This is one way to check to see if it is working. An example of this can be seen in Figure
14. The other check is to connect the logic analyzer to the transmit pin to see if the
character is being sent. This output can be seen in Figure 15.
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Figure 13: UART Code Main Loop

Figure 14: Docklight Character Transmission and Receive Output
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Figure 15: Logic Analyzer Output from TX Pin for Characters “K 0”

This code can be used to communicate with the UART modules that the system
uses. The code will be modified in the future to be full-duplex and pseudo code
describing more specific applications for the CO2 sensor and LoRa receiver will be
included in the report.
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CO2 Sensor UART Pseudocode (NG)
Figure 16 shows the pseudocode that lays out how the CO2 sensor will send and
receive data from the microcontroller. Also shown is the conversion from the data
received to ppm. Lastly the main loop shows the microcontroller sending this data to the
LoRa receiver and not taking measurements for a certain period to save power.
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Figure 16: Pseudocode for UART Communication of CO2 Sensor
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Humidity/Temperature Sensor I2C Pseudocode (NG, MP)
Figure 16 shows the Pseudocode that lays out how the Humidity and Temperature
sensor will send and receive data from the microcontroller. Also shown is the conversion
from the data received from the sensor to percent humidity and to degrees Celsius. Lastly
the main loop shows the microcontroller sending this data to the LoRa receiver and not
taking measurements for a certain period to save power.
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Figure 17: Pseudocode for I2C Communication of Humidity/Temp Sensor
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LoRa Chip Transmission Code (AH)
Below outlines the partial pseudo code to develop a payload of sensor data to be
sent through the RN2903 LoRa module to the LoRa gateway. The LoRa gateway and
communication with the LoRa Network will be outlined in the next section.
UART communication will be established between the sensors, the
microcontroller and the LoRa module. Once data is received to the LoRa module, it
simply constructs a payload in a 16-bit data buffer. Figure 18 shows the function and the
initialization of this data buffer to eventually be populated. This function has the
parameters of a 16-bit number to represent the actual sensor data value and an 8-bit
bufferLocation on where to store the data in the buffer.

Figure 18: Data Buffer Function
To transmit data, the function sendDataCommand must be established to format the
appropriate commands for the RN2903 module. This function takes the parameters of a
string of commands, a 16-bit appData of the data buffer, and an 8-bit dataLength of the
length of the buffer. This constructs the commands to send the LoRa module where the
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preinstalled firmware can then transmit data. The following Figure 19 outlines this
function.

Figure 19: Send Command Function
Next, Figure 20 shows the code needed to transmit the payload to a LoRa gateway. First,
the data is added to the buffer using variables from the UART communication. The
temperature in Celsius is added first, followed by the CO2 in its parts-per-million (ppm)
and the humidity percent. Then, the function sendDataCommand is called to format the
appropriate payload. The command ‘mac tx uncnf’ indicates a transmit of unconfirmed
data. Unconfirmed data means there is no need for the LoRa gateway to send back an
acknowledgement to the LoRa module.
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Figure 20: Main Code for Transmission
Lastly, a simply delay will be added to not have a constant stream of transmissions.
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Communication with the LoRa Network (AH)
The LoRa Network works by having a LoRa module send payloads to a LoRa
capable gateway which then relays the payload to the LoRa Network. For this project, the
Sentrius RG1xx LoRa Gateway was chosen as it could connect with the LoRa cloud and
had a Wi-Fi option to easily be configured. The process to set up the gateway is as
follows:
•
•
•
•
•

Connect the gateway through an ethernet cord to a modem to get connection
online.
Connect to the gateway Wi-Fi called rg1xx2938ff with the username of ‘sentrius’
and the password ‘RG1xx’.
Navigate to a browser and type in ‘192.168.1.1’ to connect locally to the gateway.
A Laird login screen will appear, type in ‘sentrius’ for the username and ‘RG1xx’
for the password.
Go to the forwarding tab and enter the URL of TheThingsStackCloud which will
be obtained from setting up the LoRa Network.

To begin communication with the LoRa Network, an account needs to be set up
online at TheThingsStack. Once this is accomplished, a gateway can be added to the
LoRa Cloud. Figure 21 below shows the gateway home screen inside the LoRa Network.

Figure 21: LoRa Network Gateway
Here, the gateway will show the incoming data from each LoRa end node.
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Next, the LoRa Network also has an option to set up an application where the
LoRa end devices will be added. This section shows the raw payload received from each
end device. This payload comes in the form of a JSON message and needs a JavaScript
payload formatter to decode the message. Figure 22 shows the code used for the demo to
work with the LoRa mote. This code uses bit shifting to decode the 16-bit payload and
includes a warning if the temperature is too high. This will eventually be used to
implement sensor threshold warnings.

Figure 22: Payload Formatter
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Application User Interface (AH)
The eventual user interface will integrate directly with TheThingsStackCloud
using API keys. The interface will simply be an app developed with React Native to
display messages with end node sensor readings whenever the LoRa Network receives an
uplink. Once uplinks are received and decoded, the user interface will also receive this
information to display it accordingly. Also, with React Native, notifications in the form of
texts can easily be set up to alert the appropriate person of a potential fire. Figure 23 below
shows example code that can be integrated to send a text update.

Figure 23: Example SMS Message
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6.

Mechanical Sketch (MP)

Figure 24: Autonomous Wildfire Detection System Mechanical Sketch
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7.

Team Information (NG, AH, MP)

Nick Garrett, Electrical Engineering, Hardware Manager
Adam Holl, Computer Engineering, Software Manager
Matthew Pyle, Electrical Engineering, Project Leader/Engineering Data Manager

83

8.

Parts List (NG, AH, MP)
Table 13: Preliminary Parts List

Qty.

Refdes
1 IC1
12 --10 R4
15 C2,C3,C4
1 IC2
5 --1 U1
1 --4 U1
10 R1,R3
10 R2
2 LED1
1 BAT1
1 BAT1
1 U2
10 R3
10 R4
10 --1 --2 --2 C5
2 --1 PIC1
5 Q1
1 ANT1
10 R1,R2
5 --2 --2 --3 U3
2 Q1, Q2
2 U$1, U$2
1 J1
2 C1, C2
1 C3
5 R6
5 R5
1 J1

Part Num.
HIH7120-021-001
LCQT-SOT23-6
CF14JT10K0
UMA1H0R1MCD2TP
COZIR-LP-5000
RN60D5003FB14
RN2903
DM164139
MCP73831T-2ATI/OT
CF12JT470R
CF12JT2K00
HLMP-4700-C0002
PRT-12895
BH-18650-W
AP9101CAK6-ABTRG1
CFR16J330R
CF14JT2K70
TSM3446CX6 RFG
LTC3531ES6-3.3#TRMPBF
RLB0914-100KL
FG14X7R1H225KRT06
FK24X7R0J106MR000
PIC18F45K40
RT3215-32.768-12.5-TR
W1096
CF14JT2K20
UVR2AR22MDD1TD
AM2320
DR127D254P12F
ZXCL330E5TA
ZXMN2B01FTA
SS14
10118194-0001LF
ESK475M050AC3AA
ESH105M100AC3AA
VR68000001005JAC00
PAC100005009FA1000
PIC-KIT3

Description
Humidity Temperature Sensor 0 ~ 100% RH I²C ±3% RH 6 s Through Hole
SOCKET ADAPTER SOT-23 TO 6DIP
10 kOhms ±5% 0.25W, 1/4W Through Hole Resistor Axial Flame Retardant Coating, Safety Carbon Film
0.1 µF 50 V Aluminum Electrolytic Capacitors Radial, Can - 2000 Hrs @ 85°C
ULTRA-LOW POWER CO2 SENSOR, COZI
500 kOhms ±1% 0.25W, 1/4W Through Hole Resistor Axial Flame Retardant Coating
915MHz LoRa Module Chip
RN2903 LORA(R) MOTE
IC BATT CNTL LI-ION 1CEL SOT23-5
RES 470 OHM 5% 1/2W AXIAL
RES 2K OHM 5% 1/2W AXIAL
LED RED DIFFUSED T-1 3/4 T/H
BATTERY LITHIUM 3.7V 2.6AH
BATT HOLDER 18650 1 CELL 6" LEAD
IC BATT PROT LI-ION 1CELL SOT26
RES 330 OHM 5% 1/4W AXIAL
RES 2.7K OHM 5% 1/4W AXIAL
MOSFET N-CHANNEL 20V 5.3A SOT26
IC REG BCK BST 3.32V TSOT23-6
FIXED IND 10UH 2.7A 48 MOHM TH
CAP CER 2.2UF 50V X7R RADIAL
CAP CER 10UF 6.3V X7R RADIAL
PIC18(L)F26/45/46K40 28/40/44-Pin, Low-Power High-Performance MCU with XLP
32.768 kHz ±20ppm Crystal 12.5pF 70 kOhms 2-SMD, No Lead
ANTENNA 698-960MHZ/2179-3800MHZ
2.2 kOhms ±5% 0.25W, 1/4W Through Hole Resistor Axial Flame Retardant Coating, Safety Carbon Film
CAP ALUM 0.22UF 20% 100V RADIAL
Humidity Temperature Sensor 0 ~ 99% RH I²C ±3% RH 5 s Through Hole
Wire Wrap 1.27 mm (50 mils) pitch dual row 12-pin vertical female header to 300 mil width DIP-12 adapter
IC REG LINEAR 3.3V 150MA SOT23-5
MOSFET N-CH 20V 2.1A SOT23-3
DIODE SCHOTTKY 40V 1A SMA
CONN RCPT USB2.0 MICRO B SMD R/A
CAP ALUM 4.7UF 20% 50V RADIAL
CAP ALUM 1UF 20% 100V RADIAL
10 MOhms ±5% 1W Through Hole Resistor Axial High Voltage, Pulse Withstanding Metal Film
50 Ohms ±1% 1W Through Hole Resistor Axial Flame Retardant Coating, Pulse Withstanding, Safety Wirewound
PIC Micro® MCU series Debugger, Programmer (In-Circuit/In-System)
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Table 14: Parts List Budget Info
Qty.

Part Num.
1 HIH7120-021-001
12 LCQT-SOT23-6
10 CF14JT10K0
15 UMA1H0R1MCD2TP
1 COZIR-LP-5000
5 RN60D5003FB14
1 RN2903
1 DM164139
4 MCP73831T-2ATI/OT
10 CF12JT470R
10 CF12JT2K00
2 HLMP-4700-C0002
1 PRT-12895
1 BH-18650-W
1 AP9101CAK6-ABTRG1
10 CFR16J330R
10 CF14JT2K70
10 TSM3446CX6 RFG
1 LTC3531ES6-3.3#TRMPBF
2 RLB0914-100KL
2 FG14X7R1H225KRT06
2 FK24X7R0J106MR000
1 PIC18F45K40
5 RT3215-32.768-12.5-TR
1 W1096
10 CF14JT2K20
5 UVR2AR22MDD1TD
2 AM2320
2 DR127D254P12F
3 ZXCL330E5TA
2 ZXMN2B01FTA
2 SS14
1 10118194-0001LF
2 ESK475M050AC3AA
1 ESH105M100AC3AA
5 VR68000001005JAC00
5 PAC100005009FA1000
1 PIC-KIT3

Description
Humidity Temperature Sensor 0 ~ 100% RH I²C ±3% RH 6 s Through Hole
SOCKET ADAPTER SOT-23 TO 6DIP
10 kOhms ±5% 0.25W, 1/4W Through Hole Resistor Axial Flame Retardant Coating, Safety Carbon Film
0.1 µF 50 V Aluminum Electrolytic Capacitors Radial, Can - 2000 Hrs @ 85°C
ULTRA-LOW POWER CO2 SENSOR, COZI
500 kOhms ±1% 0.25W, 1/4W Through Hole Resistor Axial Flame Retardant Coating
915MHz LoRa Module Chip
RN2903 LORA(R) MOTE
IC BATT CNTL LI-ION 1CEL SOT23-5
RES 470 OHM 5% 1/2W AXIAL
RES 2K OHM 5% 1/2W AXIAL
LED RED DIFFUSED T-1 3/4 T/H
BATTERY LITHIUM 3.7V 2.6AH
BATT HOLDER 18650 1 CELL 6" LEAD
IC BATT PROT LI-ION 1CELL SOT26
RES 330 OHM 5% 1/4W AXIAL
RES 2.7K OHM 5% 1/4W AXIAL
MOSFET N-CHANNEL 20V 5.3A SOT26
IC REG BCK BST 3.32V TSOT23-6
FIXED IND 10UH 2.7A 48 MOHM TH
CAP CER 2.2UF 50V X7R RADIAL
CAP CER 10UF 6.3V X7R RADIAL
PIC18(L)F26/45/46K40 28/40/44-Pin, Low-Power High-Performance MCU with XLP
32.768 kHz ±20ppm Crystal 12.5pF 70 kOhms 2-SMD, No Lead
ANTENNA 698-960MHZ/2179-3800MHZ
2.2 kOhms ±5% 0.25W, 1/4W Through Hole Resistor Axial Flame Retardant Coating, Safety Carbon Film
CAP ALUM 0.22UF 20% 100V RADIAL
Humidity Temperature Sensor 0 ~ 99% RH I²C ±3% RH 5 s Through Hole
Wire Wrap 1.27 mm (50 mils) pitch dual row 12-pin vertical female header to 300 mil width DIP-12 adapter
IC REG LINEAR 3.3V 150MA SOT23-5
MOSFET N-CH 20V 2.1A SOT23-3
DIODE SCHOTTKY 40V 1A SMA
CONN RCPT USB2.0 MICRO B SMD R/A
CAP ALUM 4.7UF 20% 50V RADIAL
CAP ALUM 1UF 20% 100V RADIAL
10 MOhms ±5% 1W Through Hole Resistor Axial High Voltage, Pulse Withstanding Metal Film
50 Ohms ±1% 1W Through Hole Resistor Axial Flame Retardant Coating, Pulse Withstanding, Safety Wirewound
PIC Micro® MCU series Debugger, Programmer (In-Circuit/In-System)

Unit
Total
Cost
Cost
$9.24 $9.24
3.11 37.32
0.04
0.36
0.18
2.70
54.45 54.45
0.56
2.80
14.38 14.38
84.65 84.65
0.69
2.76
0.07
0.65
0.07
0.65
0.68
1.36
5.95
5.95
4.42
4.42
0.48
0.48
0.08
0.79
0.04
0.36
0.63
6.29
5.39
5.39
0.50
1.00
0.56
1.12
0.68
1.36
2.28
2.28
0.82
4.10
11.72 11.72
0.04
0.36
0.28
1.40
3.95
7.90
7.89 15.78
0.71
2.13
0.50
1.00
0.42
0.84
0.48
0.48
0.22
0.44
0.23
0.23
0.78
3.90
0.71
3.55
34.98 34.98
Total $329.57
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9.

Project Schedules (NG, AH, MP)
Table 15: Gantt Chart
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10. Conclusions & Recommendations (NG, AH, MP)
The purpose of the Wildfire Detection System is to replace current systems
already being implemented. Through the engineering calculations, block diagrams, and
flowcharts, the function of the Autonomous Wildfire Detection System is described.
From the use of constantly monitoring environmental data, and the LoRaWAN
communication protocol, the system will be able to accurately alert first responders to
any potential fires.

87

11. References (NG, AH, MP)
Aleksić, Ž. J., Vasiljević, D. M. "Low-power temperature detector and rate of
temperature change detector," in IEEE Transactions on Instrumentation and
Measurement, vol. IM-35, no. 4, pp. 571-575, Dec. 1986, doi:
10.1109/TIM.1986.6831772.
Alkhatib, A. A. A. “A Review on Forest Fire Detection Techniques.” International
Journal of Distributed Sensor Networks, Mar. 2014, doi:10.1155/2014/597368.
“Analog and Digital Gas Sensors: What's the Difference?” Gaslab.com, 17 Dec. 2019,
https://gaslab.com/blogs/articles/what-s-difference-between-analog-digital-gassensors.
Ayoub W., Samhat A. E., Nouvel F., Mroue M., Prévotet J., Internet of Mobile Things:
Overview of LoRaWAN, DASH7, and NB-IoT in LPWANs Standards and Supported
Mobility. IEEE Communications Surveys & Tutorials, vol. 21, no. 2, pp. 15611581, Second quarter 2019, doi: 10.1109/COMST.2018.2877382.
Bernard, O., and Seller, A. Wireless Communication Method. 9 May 2017.
US20160094269A1
“CO2 Sensor Range: Ppm and Percentage Compared.” CO2 Meter, 12 Aug. 2021,
https://www.co2meter.com/blogs/news/56788737-co2-sensor-range-compared.
“Fire Weather Criteria.” Fire Weather Criteria, NOAA's National Weather Service, 20
Mar. 2015, https://www.weather.gov/gjt/firewxcriteria.
Gleason, E. “U.S. Wildfires.” National Climatic Data Center, 2021,
www.ncdc.noaa.gov/societal-impacts/wildfires/.
Heyasa, B.B., and Galarpe, V.R.. “Preliminary Development and Testing of
Microcontroller-MQ2 Gas Sensorfor University Air Quality Monitoring.” IOSR
Journal of Electrical and Electronics Engineering, vol. 12, no. 03, June 2017, pp.
47–53., doi:10.9790/1676-1203024753.
“Humidity Sensor: Basics, Usage, Parameters & Applications.” Electronics For You, 15
Dec. 2020, https://www.electronicsforu.com/tech-zone/electronicscomponents/humidity-sensor-basic-usage-parameter.
I. Bosch, S. Gomez and L. Vergara, "Automatic Forest Surveillance Based on Infrared
Sensors," 2007 International Conference on Sensor Technologies and Applications
(SENSORCOMM 2007), 2007, pp. 572-577, doi:
10.1109/SENSORCOMM.2007.4394981.

88

Kamakshi, D. A., Shrivastava, A., and Calhoun, B. H.. "A 23 nW CMOS ultra-low power
temperature sensor operational from 0.2 V," 2015 IEEE SOI-3D-Subthreshold
Microelectronics Technology Unified Conference (S3S), Rohnert Park, CA, USA,
2015, pp. 1-3, doi: 10.1109/S3S.2015.7333498.
Li, J. et al., "Long-Range Raman Distributed Fiber Temperature Sensor With Early
Warning Model for Fire Detection and Prevention," in IEEE Sensors Journal, vol.
19, no. 10, pp. 3711-3717, 15 May15, 2019, doi: 10.1109/JSEN.2019.2895735.
Linden, D., and Reddy, T. Handbook of Batteries, McGraw-Hill Professional
Publishing, 2001. ProQuest Ebook Central,
https://ebookcentral.proquest.com/lib/uakron/detail.action?docID=4656343.
Lutakamale, A. S., and Kaijage, S. “Wildfire Monitoring and Detection System Using
Wireless Sensor Network: A Case Study of Tanzania.” Wireless Sensor Network,
vol. 09, no. 08, 18 Aug. 2017, pp. 274–289., doi:10.4236/wsn.2017.98015.
Petite, T. D. Smoke Detection Methods, Devices, and Systems. 13 Nov. 2007.
US7295128B2
NG, AMH, AH, MP
Powell, P., and Portuqill, J. Smoke Detector Technology. United States,
Department of Commerce, National Fire Prevention and Control Administration,
Public Education Office, 1977.
Roman, J., et al. “Greetings from the 2020 Wildfire Season.” NFPA Journal, 1 Nov.
2020, www.nfpa.org/News-and-Research/Publications-and-media/NFPAJournal/2020/November-December-2020.
Singh, P. K., and Sharma, A. "An insight to forest fire detection techniques using
wireless sensor networks," 2017 4th International Conference on Signal Processing,
Computing and Control (ISPCC), Solan, India, 2017, pp. 647-653, doi:
10.1109/ISPCC.2017.8269757.
Singh, R.K., Puluckul, P.P., Berkvens, R., Weyn, M. Energy Consumption Analysis of
LPWAN Technologies and Lifetime Estimation for IoT Application. Sensors 2020,
20, 4794. https://doi.org/10.3390/s20174794
Subashini, S., Venkateswari, R., Mathiyalagan, P. (2019) A Study on LoRaWAN for
Wireless Sensor Networks. In: Iyer B., Nalbalwar S., Pathak N. (eds) Computing,
Communication and Signal Processing. Advances in Intelligent Systems and
Computing, vol 810. Springer, Singapore. https://doi.org/10.1007/978-981-131513-8_26
Tun, M. Z., and Myint, H. Arduino Based Fire Detection and Alarm System Using Smoke
Sensor, vol. 06, no. 04, Apr. 2020, pp. 89–94., doi:10.31695/ijasre.2020.33792.

89

